scattering detector (LS 15 o and LS 90 o ). GPC columns (PolarGel-M, 7.5 × 300 mm) were eluted with DMF and 0.1% LiBr at a flow rate of 1 mL/min at 60 o C. Proton nuclear magnetic resonance ( 1 H-NMR) was used to determine the chemical structure and composition of the polymers with the chloroform-d (CDCl 3 ) as the solvent. 1 H-NMR spectrum was performed on a 400 MHz Varian NMR system spectrometer and the results were analyzed using MestReNova processing software.
The TNBS assay was performed to determine the primary amine residue of all five polymers. The t-BC in a series of concentrations (0, 5, 10, 15, 20, 25, 30 mM) was prepared as the standard sample. TNBS work solution (6 mM, 0.1 mM borate buffer) was prepared. Polymers were diluted in water (10 mg/mL). 25 μL polymer solutions or standard samples were mixed with 0.5 mL TNBS work solution and allowed to react for 1 h. A volume of 50 μL was transferred into a 96-well plate and diluted with diluted HP-PBEAs were added into 100 μL, 1 wt% HA-SH. The mixture was gently vortexed for 10 seconds to promote both compounds' homogeneous distribution to in situ form a hydrogel. Gelation time was measured by the following protocol (according to Ref. 1 ): aqueous 1% HA-SH and HP-PBAE solutions were prepared. 50 μL aqueous 1% HA-SH and 50 μL HP-PBAE solutions were mixed in a 96-well plate with a magnetic stir bar at 155 rpm using a hot plate/stirrer. The gelation time is defined as the time when the mixture becomes a globule. Each condition was conducted in quadruplicate.
Characterization of injectable HP-PBAE/HA-SH gelation process by rheometer
Gelation process was characterized by TA Discovery Hybrid Rheometers. 200 μL mixed solution was added to spread on a parallel plate with a frequency of 1 rad/s and a strain of 0.5%. The storage modulus G' and loss modulus G" were monitored with time. Angular frequency, strain dependent storage, and loss modulus at different concentrations were evaluated. Angular frequency sweep tests were obtained over a wide frequency range (strain = 1%, frequency = 0.1-60 rad/s) after each time sweep.
Strain sweep tests were performed at the range of 0.01-100% (frequency = 1 rad/s) to determine the viscoelastic regime of the hydrogels.
Injectable HP-PBAE/HA-SH hydrogels swelling and degradation profile
Swelling ratio was used to introduce hydrogel water retention capacity:
Weight of sample at scheduled time was recorded as W t , and the initial weight of sample as W 0 . 5 wt% of different HP-PBAE/HA-SH hydrogels were prepared and then added into Transwell Ⓡ permeable inserts (BD. Bio Coat, PET track-etched membrane, 3.0 μm). The inserts were then put into 6-well plates and 15 mL PBS was added into each well. The whole system was incubated in a shaker at 37 o C at 150 rpm.
At scheduled time intervals, the PBS buffer was removed and the weights of swollen hydrogels were recorded. The degradation of the hydrogel was also monitored indirectly by swelling experiments until hydrogels had totally disappeared. The degradation was defined as the changes in hydrogel swelling ratios. Experiments were performed five times for each type of hydrogel at the same condition.
Bacteriostatic test of HP-PBAEs
To examine the bacteriostatic property, Staphylococcus aureus and Escherichia coli were used in this study. Bacteria were cultured in LB Broth and obtained at OD 600 = 0.8. 50 μL bacterial suspension was added into 5 mL sterile LB Broth in tubes. 10 mg of 5 types of HP-PBAEs were added into the mixed bacteria suspension. 10 mg chitosan was used as a comparative control and 1% Virkon was used as positive control, 10 μL PBS was used as negative control. Each condition was replicated four times. All tubes were put into 37 o C in a shaker with 220 rpm. Samples were taken and measured at the absorbance of 600 nm utilizing a Spectrophotometer plate reader 
In vitro cytotoxicity analysis
Rat ADSCs were extracted from rat adipose tissue following the previously reported method 2 . 3T3 cell line was purchased from Sigma-Aldrich. Cells were cultured in DMEM supplemented with 10% FBS and 1% penicillin/streptomycin.
For in vitro polymer cytotoxicity study, ADSCs, and 3T3 fibroblasts were used. 5 × 10 3 cells were seeded per well and cultured for 24 h in 96-well plates to permit cell attachment. Then, the cells were exposed to different concentrations of HP-PBAEs or separately incubated with degradation products of macromers. An alamarBlue assay was used to assess both cells' viability after 24 h of incubation with macromers and degradation products. The absorbance of 570/600 nm was measured utilizing a Spectrophotometer plate reader.
To evaluate cytotoxicity of the hydrogels, an indirect permeable contact Transwell Ⓡ (Corning, Polycarbonate Membrane Transwell Ⓡ Inserts, membrane pore size 8.0μm) was utilized. Both cells mentioned above were separately seeded into 48-well
Transwell Ⓡ well plates (20 × 10 3 per well) and incubated for 24 h. 20 μL of the prepared gels were placed into the upper chamber of the wells and 2 mL media was added into the lower chamber (n = 4 per group). An alamarBlue assay was used to assess cell viability of both cell lines for 24 and 48 h post-indirect contact.
Cytotoxicity of five types of HP-PBAEs macromers, degradation products of the macromers, and HP-PBAE/HA-SH hydrogels were evaluated with ADSCs and 3T3
fibroblasts in vitro (except 258-HDA because of its non-solubility).
Subcutaneous implantation
Subcutaneous implantation was used to test the in vivo biosafety and biodegradation of the soluble hydrogels. After anesthesia with an intraperitoneal injection of 8% chloral hydrate, four 1 cm full-thickness transverse incisions were made on both sides of the shaved dorsum of SD rats. 100 μL prepared hydrogels were implanted subcutaneously and incisions were closed with 5-0 nylon suture (Ethicon, Somerville, NJ) and covered with a sterile occlusive dressing (Tegaderm: 3M, St. Paul, MN).
Wounds were examined every three days and harvested at 3, 7, 11, and 14 days postwounding. Residual hydrogels were taken and weighted (4 samples for each condition). Digital photographs were taken at days 0, 11, 21 post-procedures and the wound area was measured by ImageJ software. Percentage of wound closure rate was defined as:
Diabetic animal model
(origin wound area -residual wound area at day 'X') / origin wound area × 100%.
Results were determined through assessment of digital wound images by two blinded evaluators.
Histological analysis
Wound tissues were sampled at scheduled time points and were immediately fixed in 
Immunohistochemistry and immunofluorescence
For immunohistochemical staining, 5 μm thickness paraffin sections were deparaffinized, washed three times in PBS for 5 min and blocked with 5% serum for 30 min. Then, the slides were immunostained using anti-Keratin 10 (1:300), CD31 
Statistical analysis
Unless specified otherwise, all values are expressed as mean ± standard deviation (SD). Statistical differences between two groups were determined using the student's unpaired t test. A p value < 0.05 was considered statistically significant. Table 2 Blood glucose level of type 1 diabetic rats at different time periods. Blood glucose was tested before STZ injection, day 0, 7, 14, 21 and 28 days post-wounding. All α values are between 0.32 and 0.38, much lower than that of the linear structured polymer (the parameter is between 0.5-1.0) indicating typical highly branched structures.
Supplementary Figure 5
1 H-NMR spectra of 575-EDA. The 1 H-NMR spectra of 258-EDA and 700-EDA are almost the same as that of 575-EDA. The multiple terminal vinyl groups are clearly evidenced by the peaks around 6.0 ppm correlating very well with more than 2:1 feed ratio of diacrylate to amine. Vinyl ratio is the amount of vinyl groups that exists in the macromer in relation to the total amount of vinyl groups from PEGDA, which can be calculated based on the 1 H-NMR test.
The vinyl ratio for HP-PBAEs can be calculated according to the following equations: 
